In this paper, concrete with limestone coarse aggregate was studied due to frost action in saline and nonsaline environments. The main focus is to explain the damaging formula of concrete with poor quality of limestone aggregate in frost actions. All investigated concretes fulfill the recommendations of the European standard EN 206, Concrete-Specification, Performance, Production and Conformity limiting values for composition and properties of concrete (maximum W/C (water/cement) ratio, minimal class of compressive strength, minimal mass of cement and minimal percentage of entrained air). The damaging formula of the frost resistant concrete is studied through scaling test of concrete during freeze/thaw process, frost resistant test of coarse limestone aggregate and chemical analysis of limestone. Experiments results showed that there is a correlation between CaO/MgO ratio and Al 2 O 3 of limestone and frost resistance of concrete, using chemical composition for determining potential ACR (alkali-carbonate reactivity) will indicate higher risk of damaging effect of concrete.
Introduction


Limestone and granite are generally used as coarse aggregate in concrete mixtures. It mostly depends on the geographical area what type of coarse aggregate is commonly used in concrete mixtures. In Estonia, majority of the coarse aggregate used in concrete mixtures is limestone. In general, concrete, as a building material, is widely used and therefore profoundly examined but still lot of damaging effects appear during exploitation and therefore service life of material will be an unknown dimension. The fact that approximately 75%~80% of the concrete volume consists of aggregate makes the quality of coarse aggregate considerably important described by Neville [1] . According to EN 206, Table F.1 (Table 1) [2] recommendations, the only criterion for the coarse aggregate is frost resistance, but as a result of this research, submitted requirement is not sufficient to fulfill requirements for frost resistant concrete. In regions where air temperature stays at freezing temperatures for long periods, one of the major problem concerning concrete durability is the freeze-thaw resistance. Concrete by its nature has a porous structure and, in case of wet surroundings, fluid ingress through the capillary pores will start. The freeze-thaw deterioration of concrete was firstly explained in 1945 by Powers [3] with hydraulic pressure theory and complemented in 1953 with osmotic pressure theory by Powers and Helmuth [4] .
In the following several years, many researches have been proposing new theoretical ideas to explain the behavior of concrete during freeze-thaw cycles, for example pore pressure in 1998 by Penttala [5] , propagation of freezing by Zuber and Marchand in 2000 [6] and degradation in stiffness by Hasanet et al. [7] in 2004. It is important to mention that all these theories actually describe the freeze/thaw process in cementitious material in concrete structure and the coarse aggregate is considered frost resistant by default.
In this paper, freeze/thaw damaging process of frost resistant concrete is examined with poor quality of limestone aggregate and therefore substantial cause of X is an alkali element such as potassium (K), sodium (Na) or lithium (Li). MgCO 3 is transformed into brucite that congests around in layers around rhombs that cause considerable expansion.
The purpose of this paper is to show that frost resistance of concrete with poor quality of limestone is affected not only by the frost resistance and the water absorption of coarse aggregate but even more intensively the ACR of coarse aggregate.
Experimental Setup
Tests with Concrete
The essential feature of the intended experiment and, in addition to standardized cut slabs, moulded surface specimens were tested.
Tests with Coarse Aggregate
Determination of resistance to freezing and thawing of coarse aggregate was tested according to EN 
Test Results and Discussions
The scaling mass loss of concretes presented in Figs. 1 and 2 show that concretes with saline environment (3% NaCl) have significant defects comparing to distilled water used in freeze/thaw process. All concretes were designed as frost resistant concretes as presented in Table 2 , but only freeze/thawing in non-saline environment fulfils the requirements for the named exposure classes as shown in Table 3 4 CS-class of compressive strength; ExpC-exposure class; W/C-water/cement ratio; Cem-cement; C-Ag-coarse aggregate; F-Ag-fine aggregate; W-water; SP-superplastiziser; A-E-air entraining agent. 
.Conclusions
Structure damages with poor quality of coarse aggregates used in frost resistant concrete are notably higher than those with granite coarse aggregate. Estonian origin limestone coarse aggregate tends to have chemical properties that most likely produce expansive reactions that will appear as structure damages of concrete. Therefore, potential alkali carbonation can be predicted from the limestone component proportion of CaO/MgO ratio and Al 2 O 3. The deterioration mechanism of concrete appeared mostly as a pop-up damage of expanded coarse aggregate that refers to firm cementitious structure and weak coarse aggregate performance. All in all, it is important to point out that the recommendations of the European standard EN 206 limiting values for composition and properties of concrete are suitable for cementitious materials, but insufficient for coarse aggregates. According to the test results, Estonian origin limestone coarse aggregate should be avoided in frost resistant concretes due to potential expansive process in concrete structure, even if frost resistance requirement of coarse aggregate is fulfilled. 
